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SPECIFICATION 

Reference to Co-Pendina Re1; ^ ted ApnHn;^ i-^one 

This is a continuation-in-part of Serial No. 
428,757, filed October 30, 1989, which is a continu- 
ation-in-part of Serial No. 323,860, filed March 15, 

1989. 

Backgroun d of tht> Inventinr^ 

This invention is concerned with magnetic markers 
that are used in the detection of hidden elongated 
objects, such as buried plastic utility pipes, ducts or 
conduits, or fiber optic cables. The invention is 
concerned, more particularly, with elongated helical or 
twisted magnetic markers, i.e., convoluted magnetic 
markers, and with the manufacture of such magnetic 
markers and others. 

The aforesaid co-pending etpplicat ions disclose and 
claim new and improved methods and apparatus for 
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marking, locating, tracing, and identifying hidden 
elongated objects, such as buried, non-conductive 
cables (e.g., fiber optic cables) and non-conductive 
pipes, tubes, ducts, and conduits. In one form of the « 
invention disclosed and claimed in the co-pending 
applications, a magnetic marker comprises an elongated • 
permanent magnet device that is provided on an 
elongated hidden object to be detected, with the length 
of the device extending along the length of the object. 
The device comprises a helical strip magnetized in the 
direction of its width. With such a device the 
orientation of the magnetic axis varies at different 
positions along the length of the object to provide a 
magnetic field signature for locating, tracing, and 
identifying the object. 

Brief Description of the Invention 

In one of its broader aspects, the present 
invention is concerned with methods and apparatus for 
making a magnetic marker, in which magnetic material is 
applied to a stobstrate that is elongated, and in which 
the material is formed into a peinaanent magnet helical 
pattern having a helix axis extending along the length 
of the substrate. 

In another of its broader aspects, the invention 
is concerned with a magnetic marker comprising an 
elongated, flexible magnetic strip magnetized 
transverse to its length and twisted lengthwise. 

In yet another of its broader aspects, the 
invention is concerned with methods and apparatus for 
providing elongated magnetic markers in situ as an 
elongated object is buried. In one form of the 
invention, a magnetic marking tape is wrapped about the 
object helically as the object is buried. In another 
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form of the invention, a magnetic marking tape is 
buried above an elongated object as the object is 
buried, and the tape is twisted lengthwise as it is 
advanced for burial. 

In still another of its broader aspects, the 
invention is concerned with methods and apparatus for 
making a magnetically marked plastic tube, in which 
magnetic particles (provided, e.g., as a suspension) 
are attracted to the cuter surface of a plastic tube by 
a magnetic field (e.g., from a magnet inserted in the 
tube) and are adhered to the surface of the tube (e.g., 
by adhesive) to form a coating of magnetic particles on 
the surface of the tube. 

Brief Descrint-i nn of the ny ->.tir-t ^rye 

The invention will be further described in 
conjunction with the accompanying drawings, which 
illustrate preferred and exemplary (best mode) embodi- 
ments, wherein: 

Fig. 1 is a diagrammatic perspective view of 
apparatus employed in one embodiment of the invention; 

Pig. 2 is a diagrammatic perspective view of 
apparatus for synchronizing a rotating magnetic field 
with a helical magnetic strip; 

Fig. 3 is a circuit diagram corresponding to the 
25 apparatus shown in Fig. 2; 

Pig. 4 is a diagram illustrating a portion of the 
apparatus of Figs. 2 and 3 in greater details- 
Figs. 5-8 are diagrammatic perspective views of 
apparatus employed in further embodiments of the 
30 invention; 

Pig. 9 is a diagrammatic perspective view of a 
magnetic marker tape that may be employed in the 
invention; and 



20 



wo 91/12119 



PCT/US91/00636 



Fig. 10 is a diagranmatic perspective view of 
apparatus eiaployed in another embodiment of the 
invention. 



Detailed Description of the Invention 
5 The apparatus 10 shown in Fig* 1 is for the 

manufacture of plastic duct, pipe, or tubing incor- 
porating a helical magnetic marker, by coextrusion. 
Apparatus for manufacturing duct having electrical 
cable extending through it is disclosed, for example, 

10 in U.S. Patents 4,508,500 and 4,575,326, incorporated 

herein by reference. Sucdi apparatvis may comprise an 
extruder 12, one or more sizer/cooler units 14, a drive 
unit 16, and a take-up spool 18. The extruder 12 may 
comprise a hopper 20 for supplying resin pellets, such 

15 as polyethylene, to a heated extrusion screw 22, which 

supplies melted plastic under pressure to an extruder 
head 24 having a die for extruding soft plastic in the 
form of a cylindrical duct, pipe, or tube 26. The tube 
is advanced through the sizer/cooler units 14 by the 

20 drive unit 16, which may comprise a plurality of motor- 

driven rollers 28 shaped for engagement with the 
cylindrical surface of the tvibe. The tube is extruded 
somewhat oversize and is pulled through holes 30 in a 
series of sizing plates 32 in the sizer/cooler units. 

25 These units may be under vacuum and may contain a 

cooling water bath. The interior of the tvibe may be 
pressurized. 

In accordance with the invention, a second 
extruder 34 is provided in tandem with the first 

30 extruder. The second extruder comprises a hopper 36 

and a heated extrusion screw 38, like the first 
extruder, but the extruder head 40 of the second 
extruder comprises a rotateible die 42 with an outlet 44 
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that rotates slowly about th axis of the cylindrical 
tube 26. Suitable seals are provided between the 
rotating and stationary parts of the extrusion head, 
the rotating parts being driven by a motor (not shown) . 
The material extruded from the die is a plastic base 
material, such as polyethylene, to which has been added 
high coercivity magnetic material, such as barium 
ferrite. The magnetic material employed in the 
invention is preferably non-conductive and is prefer- 
ably applied to a non-conductive substrate that is non- 
magnetic. 

As the tube is advanced from the first extruder 
head 24, the second extruder head 40 applies a strip 46 
of magnetic material to the outer surface of the tube, 
and, by virtue of the rotation of the outlet of the 
second extruder head, the strip is formed into a long- 
pitch helix having its helix axis parallel to the 
length of the tube. The pitch of the helical strip 
will depend upon the rate of rotation of the second 
extruder head relative to the rate at which the tube is 
advanced lengthwise. As the assembly of the tube and 
strip is drawn through the sizing plates 32, the strip 
becomes embedded in the still soft plastic material of 
the tvibe. 

To form a magnetic marker in accordance with the 
invention, the strip 46 must be permanently magnetized. 
For this purpose, two rotating aiagnetizing heads 48, 50 
are shown diagrammatically in Fig. 1. in practice, 
electromagnetic heads may be used, although permanent 
magnet heads may also be used if the field intensity is 
sufficient. Each head is rotated about the axis of the 
tube by a motor drive (not shown) . The first head 48 
is an alignment head that aligns and packs the magnetic 
particles while the plastic is still soft. This head 
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applies a relatively weak magnetic field to prevent 
distortion of the magnetic material while the plastic 
is still soft. The second head 50 applies a much 
stronger magnetic field after the plastic material has 
5 cooled sufficiently to be stable. This head may be 

much closer to the magnetic material than the first 
head. In each case, the magnetic field is applied so 
as to be parallel to the width of the strip of magnetic 
material . 

0 Shown adjacent to each magnetizing head in Fig. i 

is a sensor 52 for synchronizing each head with the 
rotation of the magnetic strip about the axis of the 
tube. Many different types of sensors may be employed, 
including magnetic (e.g., Hall probes), optical, or 

5 ultrasonic sensors, for example. Figs. 2 and 3 

illustrate a magnetic sensor 54 employed in a circuit 
with a synchro 56 for maintaining a magnetizing head 
(e.g., 48) synchronized with the helical strip 46 of 
magnetic material. 

0 As shown in Pig. 2, extruded tube 26 bearing a 

strip 46 of magnetic material is surrounded by an 
assembly 54a of three magnetic sensor elements A, B, C. 
Each sensor element has a magnetic core structure 58 
provided with a drive winding 60 and a signal winding 

5 62. A similar sensor assembly 54b surrounds a refer- 

ence sample 64, e.g., a length of plastic pipe bearing 
a helical magnetic strip 66. The components of sensor 
assembly 54b corresponding to those of sensor assembly 
54a are designated by the same reference characters 

0 primed. The signal windings 62' associated with the 

reference sample will be referred to as feedback 
windings . 

The magnetizing head 48 is coupled to synchro 56 
by a gear train 68. Although shown diagrammatically , 
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the magnetizing head is preferably an electromagnet 
having pole pieces that are shaped to provide the 
desired concentrated magnetic field widthwise of the 
strip 46. 

5 Fig. 4 illustrates a preferred form of each of the 

sensor elements indicated diagrammatically in Fig. 2. 
Each sensor element (A; or C) comprises an H-shaped 
core 58, which may be made of ferrite or silicon steel 
laminations, for example. The drive winding 60 is 

10 mounted on the bridge of the core. All of the drive 

windings may be driven in series^ as shown in Fig. 2, 
from a suitable AC source (a low frequency source, such 
as a 60 Hz source, or a high frequency source, such as 
a 6,000 Hz source). The signal winding 62 comprises a 

15 pair of coils 62a, 62b wound on opposite ends of one 

leg of the core. Conductors 70 connected to the remote 
ends of the coils provide an output. Adjacent ends of 
the coils are connected to a tap 72 of a potentiometer 
74 having a resistance 76 that is connected across the 

20 conductors 70. The tap is adjustable for balancing the 

coils, so that there is no output signal when the 
sensor element is remote from the magnetic strip 46. 
The balancing arrangement may also comprise a pair of 
capacitors 78 connected in series across coils 62a, 
^2b, at least one of the capacitors being adjustable. 
When the magnetic strip 46 approaches an end of the 
core 58, as indicated, Osy the arrow in Fig. 4, the coils 
62a, 62b become unbalanced and produce an AC output 
signal . 

Fig. 3 illustrates a circuit that may be employed 
with the apparatus of Fig. 2 for maintaining the 
position of the magnetizing head 48 synchronized with 
the position of the helical strip 46. As shown, the 
signal windings 62 are connected to inputs of ampli- 
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fiers 80a, 80b, 80c in opposl-tion to corresponding 
feedback windings 62 ' . The outputs of the amplifiers 
drive the control windings of the synchro 56. It may 
be assximed that in an initial set-up operation, the 
5 magnetizing head 48 is adjusted to the desired position 

relative to the strip of magnetic material and that the 
sensor assemblies 54a, 54b are positioned relative to 
the strip 46 and the strip 46', respectively, so that 
the synchro system is in equilibrium. In the example 

10 shown in Fig. 3, it is assmned that the synchro system 

is out of equilibrium and that the magnetic strip being 
extruded is adjacent to sensor element B, while the 
reference strip is adjacent to sensor element A« . 
Amplifier 80a therefore produces a negative output, and 

15 amplifier 80b produces a positive output. Amplifier 

80c produces a zero output. The synchro 56 rotates the 
magnetizing head 48 until any outputs of the signal 
windings are cancelled by the outputs of the respective 
feedback windings, whereupon the position of the 

20 magnetizing head will be synchronized with the extruded 

magnetic strip. 

In the apparatus shown in Fig. 1, a strip of 
magnetic material is coextruded with a plastic tube 
constituting a substrate, so that magnetic material is 

25 applied to a portion only of the substrate. In a 

modification of the invention, the magnetic material is 
coextensive with the substrate. In such a modifica- 
tion, the second extruder is not used. The magnetic 
material is mixed with the resin supplied to the first 

30 extruder and thus is incorporated in the material from 

which the tube is extruded. Nevertheless, a helical 
permanent magnet pattern is formed by rotating the mag- 
netizer heads about the axis of the tube as the tube is 
advanced from the extruder. The magnetizing field, 
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which is transverse to the length of the txibe, may be 
applied diametrally across the entire width of the 
t\ibe, in which case north and south poles are formed at 
opposite ends of the diameter of the t\ibe in any cross- 
sectional plane, or may be applied across only a 
portion of the width of the tube, in which case the 
width of the magnetized strip will be less than the 
width of the tube. 

As is apparent, the periMment magnet helical 
pattern formed by the invention becomes a permanent 
part of an elongated substrate, such as a tube. As 
described in the aforesaid co-pending applications, the 
helical pattern may have a pitch of about 12 feet, for 
example. The permanent magnet pattern need not be con- 
tinuous, but may, if desired, be defined by successive 
segments of magnetic material, which, individually, 
need not be helical. The pattern may be in the form of 
a strip or stripe 1/2 inch wide and 1/16 inch thick, 
for example, but when the magnetic material is dis- 
tributed throughout the material of the tube, the 
pattern may have a width equal to the full width of the 
tube and a thickness equal to the full wall thickness 
of the tube. In such an embodiment, a diametral 
magnetic axis "rotates^ in successive transverse planes 
along the length of the elongated substrate, simulating 
a diametral strip that is twisted about its longi- 
tudinal axis. The magnetic pattern is actually 
constituted by a pair of helical strips, at opposite 
sides of a "rotating" diametral magnetic axis. 

Fig. 5 illustrates another embodiment of the 
invention. In Fig. 5, an extruder 82 and sizer/cooler 
unit 84 are shown diagrammatically. The extruder may 
comprise a single extrusion head for extruding plastic 
duct, pipe, or tube (constituting a substrate) from 
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resin mixed with magnetic material, or a dual extrusion 
head for applying a strip of magnetic material to a 
substrate by coextrusion. However, unlike the 
apparatus of Fig. 1, even if the strip is applied by 
5 coextrusion, the strip extruder die is stationary, so 

that a straight strip is applied parallel to the length 
of the substrate. The magnetic material is magnetized 
tremsverse to the length of the substrate by 
magnetizing heads as in Fig. 1, but they are 

10 stationary. 

In the embodiment of Fig. 5, a tube 86 with 
magnetic material applied thereto is drawn out of the 
sizer/cooler unit 84 by a drive unit 88 and is woxind 
upon a take-up spool 90 which rotates about a winding 

15 axis 92. To form the magnetic material into a long- 

pitch helix, the teJce-up spool is also rotated edaout an 
axis 94 perpendicular to the winding axis 92 and 
substantially parallel to the length of the tube 
advanced from the drive unit. For this purpose, the 

20 take-up spool and the drive unit are mounted on a 

slowly rotating yoke 95, as indicated* diagrammatically 
in Fig. 5. The rotation of the yoke is transmitted by 
the relatively stiff plastic being wound on the spool 
to the relatively soft plastic in the sizer/cooler 

25 unit, providing a long-pitch twist that forms the 

desired helical pattern. Because of the twist imparted 
to the plastic tube, the drive unit 88 may have an 
arrangement of rollers that is also twisted to accom- 
modate the twist of the tube. 

30 Fig. 5 also illustrates a ceible 96, such as a 

fiber optic ceOjle, being inserted into a duct as it is 
extruded. The cable is drawn off of one end of a 
stationary spool 98 and fed into the extruder for 
insertion into the duct as it is formed. Drawing the 
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cable off of an end of a stationary spool will impart a 
twist to the cable, which can be removed by the 
twisting rotation of the take-up spool about axis 94, 
assuming that the stationary spool 98 is of an appro- 
priate size and tiiat the cable is unwound from the 
spool 98 in the proper direction. 

In the foregoing embodiments of the invention, 
magnetic markers are manufactured concurrently with the 
manufacture of elongated substrates,, such as plastic 
tubes or ducts. Embodiments will now be described in 
which elongated objects are provided with magnetic 
markers in the field, in situ , as the objects are 
buried in the ground. 

As shown in Fig. 6, an elongated object loo, such 
as a conduit or fiber optic cable, is advanced from a 
rotating supply reel 102 for burial in a trench (not 
shown). During the advancement of the object, a 
magnetic marker tape or strip 104 of flexible magnetic 
material magnetized transverse to its length is pulled 
off of one end of a stationary supply reel 106 having a 
central opening 108 through which the elongated object 
100 is advanced. The tape is wound on its supply reel 
in successive turns or layers in a conventional manner. 
A leading end of the tape is attached to a leading end 
of the elongated object (adhesively, for example) . As 
the elongated object is advanced, the tape 104 is 
pulled from its supply reel 106 and wrapped helically 
about the object 100 (which constitutes a substrate) by 
virtue of the fact that the point at which the tape 
leaves the end of its . stationary supply reel progresses 
around the circumference of the reel as successive 
turns of tape unwind. The tape supply reel 106 may be 
provided with a shroud 110 surrovmding the reel and 
defining with the outer periphery of the reel a 
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circular slot 112 through which the tape is pulled 
under tension. 

Fig. 7 shows a modification of the apparatus of 
Fig. 6. In the apparatus of Fig. 7 the elongated 

5 object 100 being drawn from its rotating supply reel 

102 drives a pulley 114, which drives a gear train 116 
comprising a plurality of gears, a driving gear 118 
being fixed to the pulley and a driven gear 120 being 
fixed to a hollow shaft 122 that rotates about the 

0 elongated object as the object is drawn through the 

shaft. The hollow shaft . supports an arm 124 with a 
tensioning pulley 126 (tape guide) at its free end. 
The magnetic marker tape 104 is advanced over the 
tensioning pulley from a freely rotating tape reel 128 

5 through which the elongated object 100 is pulled. 

Rotation of the hollow shaft 122 causes the magnetic 
marker tape 104 to be wound helically upon the 
elongated object 100 (the leading end of the tape being 
affixed to the object) . 

0 In the foregoing embodiments of the invention, an 

elongated object supports a helical magnetic marker 
strip or tape, and the diameter of the helical turns is 
determined by the diameter of the elongated object. As 
the diameter of the object is made smaller and smaller, 

5 the diameter of the helical turns becomes smaller and 

smaller, and if the diameter of the object is reduced 
to zero, i.e., the object is eliminated as a substrate 
for the magnetic marker, the marker becomes a strip or 
tape that is merely twisted lengthwise. Due to the 

0 twisting, the magnetic axis of the marker varies along 

the length of the marker and thus produces a magnetic 
signature with peaks and valleys similar to the 
signature produced by the helical magnetic markers 
previously described. 
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In one of the eiabodiments ^cliBclosed in the 
aforesaid co-pending applications and referr d to 
earlier herein, a magnetic marker is formed by mag- 
netizing a tube diametrally. ajld rotating the magnetic 
axis progressively in successive cross-sections of the 
tube along its length. As d6scl:ibed in the co-pending 
applications, such a magnetic marker acts like a 
magnetic strip that is twisted lengthwise. An embodi- 
ment will now be descasribed in which a twisted magnetic 
tape forms a magnetic marker in association with an 
elongated object, thft. twisting of the tape being 
produced in situ as the object is advanced for burial. 

Fig. 8 shows a magnetic warning tape 130 being 
pulled off of one end of a stationary reel 132 on which 
the tape has been wound in a conventional manner. Due 
to the fact that the point at which the tape leaves the 
reel moves progressively along the circumference of the 
reel as the tape is pulled from the reel, the tape 
becomes twisted lengthwise, as shown. The length of 
each twist segment depends upon the diameter of the 
turns of tape on the reel. The warning tape may be 
buried in a trench above a fiber optic cable or duct, 
for example, as the cable or duct is buried in the 
trench. ^ 

In the case of a warning tape that is not 
supported by an elongated object, it is desirable that 
the tape be reinforced to prevent breakage if hooked by 
earth digging eguipmfeht. Thus, as shown in Fig. 9, the 
tape 130 may comprise a plastic magnetic strip 134 
formed in a pocket 136 of, and laminated with, a 
plastic cover 138 having a reinforcing fiber string 140 
(or strings) with service loops embedded in the 
material of the plastic cover. In this embodiment, the 
plastic cover (or even the matrix material of the strip 
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in which magnetic particles are distributed) con- 
stitutes a substrate for the magnetic material. 

Fig. 10 illustrates a modification of the 
apparatus shown in Fig. 1, in which magnetic material 
is applied as a coating to the outer surface of an 
extruded plastic tiabe. A first extruder 142 extrudes a 
soft plastic tube 144, which then passes through a 
sizer/cooler 146, as in Fig. 1. A second extruder 148 
applies a coating of hot melt adhesive to the outer 
surface of the plastic tube advanced from the 
sizer/cooler. While the adhesive is still warm and 
tacky, the adhesive-coated plastic tube passes through 
a powder application chamber 150 supplied with magnetic 
powder (e.g., barium ferrite) from a hopper or other 
source 152. An ultrasonic agitator 154 forms a cloud 
or suspension of the magnetic powder in the powder 
application chamber. 

Magnetic particles adhere to the adhesive as the 
adhesive-coated plastic tube is advanced through the 
powder application chamber. A magnet 156 mounted on a 
support rod 158 is inserted into the portion of the 
plastic tube in the powder application chamber to 
attract the magnetic particles to the adhesive coating 
on the outer surface of the plastic tube, thereby 
concentrating the magnetic particles into a sxibstan- 
tially continuous surface layer 160. A third extruder 
162 applies a protective coating 164 of plastic over 
the magnetic material. The extruders in Fig. 10 are 
shown diagrammatically for simplicity, but in practice 
they will include the usual components, including 
pressurized supplies of the materials to be extruded 
(e.g., hoppers and extrusion screws, or a metering pump 
for the hot melt adhesive) . 
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Although not shown in Fig. lo, a rotating 
magnetizer h ad may be provided between the powder 
application chamber 150 and the extruder 162 (or after 
the extruder 162) to produce a helical magnetic pattern 
in the magnetic material coating. The magnetic field 
may be applied across the full width of the plastic 
tube or across only a portion of the width. 

The apparatus and method illustrated in Pig. lo 
may be used to provide spaced bar magnets employed in 
some of the embodiments of the aforesaid S.N. 418,757 
wherein longitudinally magnetized segments of a plastic 
tube provide a characteristic magnetic signature that 
depends upon the polarity of successive magnetized 
segments. In such embodiments, the magnetic material 
may be applied to the plastic tube periodically (as by 
periodic interruption of the supply of magnetic 
powder) , and the resultant segments of magnetic 
material may be magnetized longitudinally by one or 
more magnetizer heads that apply a longitudinal 
magnetic field to the segments of magnetic material 
with a polarity appropriate to the desired polarity of 
the magnetized segments. 

The apparatus shown in rig. lo has at least two 
advantages over the modified apparatus of Pig. l in 
which the second extruder is eliminated and the 
magnetic material is mixed with the plastic from which 
the tube is extruded, Pirst, it eliminates the need to 
mix or compound the magnetic material with the plastic, 
avoiding the difficulty of extruding heavily loaded 
plastic. Second, it eliminates gaps between magnetic 
particles, increasing the magnetic strength while 
yielding a tube with superior properties. 

As set forth in the co-pending applications, 
buried elongated objects provided with magnetic markers 
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in accordance with the invention may be detected by a 
magnetic field measuring device or gradiemeter. When a 
m&gnetic detector is moved over the ground along the 
length of the buried object, a unique magnetic field 
5 signature is produced comprising a series of positive 

and negative excursions (peaks and valleys) in the 
output of the detector. This signature is produced by 
a helical or twisted permanent magnet pattern (which 
causes the orientation of the magnetic axis to vary) , 

10 or by the additive/sxabtractive fields of successive 

longitudinally magnetized magnetic segments, and is 
quite useful in identifying the buried object and in 
distinguishing the object from other objects, such as 
ferrous gas and water pipes, that produce random 

15 positive and negative excursions. Buried objects, such 

as fiber optic cables, are located, traced, and 
identified at siibstantial distances, easily and 
reliably, by virtue of the magnetic markers of the 
invention. 

20 While preferred embodiments of the invention have 

been shown and described, it will be apparent to those 
skilled in the art that changes can be made in these 
embodiments without departing from the principles and 
spirit of the invention, the scope of which is defined 

25 in the appended claims. 

The invention claimed is: 
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1 1. A method of making a magnetic marker, compris- 

2 ing applying magnetic material to a substrate that is 

3 elongated, and forming from said material a helical 

4 permanent magnet pattern having a helix axis extending 

5 along the length of said sxibstrate. 

1 2. A method in accordanoe with Claim l, wherein 

2 said magnetic material is applied so as to be substan- 

3 tially coextensive with said substrate. 

1 3. A method in accordeince with Claim 1, wherein 

2 said magnetic material is applied to a portion only of 

3 said substrate. 

1 4. A method in accordance with Claim 1, wherein 

2 said pattern is formed as a helical strip magnetized in 

3 the direction of its width. 

1 5. A method in accordeince with Claim 1, wherein 

2 said substrate is formed as an extruded tube. 

1 6. A method in accordance with Claim 5, wherein 

2 said magnetic material is applied to said svibstrate by 

3 coextrusion with said tube. 

1 7. A method in accord2aice with Claim 5, wherein 

2 said magnetic material is applied to said substrate by 

3 mixing the magnetic material with material from which 

4 said tube is extruded. 

1 8. A . method in accordance with Claim 1, wherein 

2 said substrate is formed as a cylinder that is advanced 

3 along its length and wherein said magnetic material is 

4 applied to said substrate from an extruder die having 
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5 an outlet that rotates about the axis of said cylinder 

6 as the cylinder is advanced along its length. 

1 9, A method in accordance with Claim 8, wherein 

2 said magnetic material is magnetized by a magnetic 

3 field that rotates about the axis of said cylinder in 

4 synchronism with the rotation of said die, 

1 10. A method in accordance with Claim 1, wherein 

2 said substrate is formed as an extruded cylinder that 

3 advances along its length and that is taken up by 

4 rotation of a take-up spool about a winding axis, 

5 wherein said magnetic material is applied to said 

6 cylinder as a strip extending substantially parallel to 

7 the length of the cylinder as the cylinder is extruded, 

8 and wherein the strip is thereafter formed into said 

9 helical pattern by rotating the take-up spool about an 

10 axis substantially perpendicular to said winding axis 

11 and substantially parallel to the length of said 

12 cylinder. 

1 11. A method in accordance with Claim 1, wherein 

2 said substrate is formed as a duct. 

1 12. A method in accordance with Claim 11, wherein 

2 a cable is inserted into said duct as the duct is 

3 formed. 

1 13. Apparatus for making a magnetic marker, 

2 comprising means for providing a substrate that is 

3 elongated, means for applying magnetic material to said 

4 substrate, and means for forming from said material a 

5 helical permanent magnet pattern having a helix axis 

6 extending along the length of said substrate. 
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1 14. Apparatus in accordance with Claim 13, 

2 wherein said applying means appli s said magnetic 

3 material so as to be substantially coextensive with 

4 said substrate. 

1 15. Apparatus in accordance with Claim 13, 

2 wherein said applying means applies said magnetic 

3 material to a portion only of said svibstrate. 

1 16. Apparatus accordance with Claim 13, 

2 wherein said forming- means forms sai;d pattern as a 

3 helical strip magnetized in the direction of its width. 

1 17. Apparatus in accordaiice with Claim 13, 

2 wherein said providing means pr«vidfes said svibstrate in 

3 the form of an extruded tube. 

1 18. Apparatus iji accordance with Claim 17, 

2 wherein said applying means comprises means for 

3 coextruding said magnetic material with said tube. 

1 19. Apparatus ixi accordance with Claim 17, 

2 wherein said applying means comprises meems for 

3 applying said magnetic material mixed with material 

4 from which said tube, is extruded. 

1 20. Apparatus in accordance with Claim 13, 

2 wherein said providing means comprises meems for 

3 forming said substrate as a cylinder that is advanced 

4 along its length, and wherein said applying means 

5 comprises an extruder die having an outlet that rotates 

6 about the axis of said cylinder as the cylinder is 

7 advanced along its length, said magnetic material being 

8 applied to said cylinder from said outlet. 
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1 21. Apps - atUB in accordance with Claim 20, 

2 wherein said forming means comprises means for mag- 

3 net i zing said magnetic material with a magnetic field 

4 that rotates about the axis of said cylinder in 

5 synchronism with the rotation of said die. 

1 22. Apparatus in accordance with Claim 13, 

2 wherein said providing means comprises means for 

3 extruding said substrate as a cylinder that advances 

4 along its length and a take-up spool that rotates about 

5 a winding axis for winding the cylinder thereon, 

6 wherein said applying means applies said magnetic 

7 material to said cylinder as a strip extending substan- 

8 tially parallel to the" axis of the cylinder as the 

9 cylinder is extruded, and wherein said forming means 

10 comprises means for rotating said take-up spool about 

11 an axis substantially perpendicular to said winding 

12 axis and substantially parallel to the length of said 

13 cylinder. 

1 23. Apparatus in accordance with Claim 13, 

2 wherein said providing means forms said svibstrate as a 

3 duct. 

1 24. Apparatus in accordance with Claim 23, 

2 further comprising means for inserting a cable into 

3 said duct as the duct is formed. 

1 25. A method of providing a magnetic marker on an 

2 elongated object, comprising advancing said object 

3 lengthwise from a supply reel, and helically winding a 

4 transversely magnetized tape about said object as said 

5 object is advanced. 
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1 26. A method in- accordance with Claim 25, wherein 

2 said tape is wormd on a tape supply reel through which 

3 said object is advanced and is xmwound from said tape 

4 supply reel as it is wound helically about said object. 

1 27. A method in accordance with Claim 26, wherein 

2 said tape supply reel is maintained stationary during 

3 the unwinding of said tape therefrom and wherein the 

4 tape is pulled off ot an end of said tape supply reel 

5 as it is wound about said object. 

1 28. A method in accordance with Claim 26, wherein 

2 said tape supply reel rotates about said elongated 

3 object as said tape is pulled off of said tape supply 

4 reel, and wherein, as said tape is pulled off of said 

5 tape supply reel, it passes over a tape guide that 

6 rotates about said elongated object as the object is 

7 advanced. 

1 29. A method of providing an elongated magnetic 

2 marker having a magnetic field that varies along its 

3 length, comprising magnetizing an elongated tape 

4 transverse to its length, and twisting the tape 

5 lengthwise. 

1 30. A method in accordance with Claim 29, wherein 

2 the tape is twisted by pulling it off of one end of a 

3 stationary reel on which the tape is wound. 

1 31. A magnetic marker comprising an elongated 

2 flexible strip of magnetic material magnetized 

3 transverse to its length and twisted lengthwise. 
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1 32. A method of meJcing a magnetically marked 

2 plastic tube, comprising inserting a magnet into a 

3 plastic tube, providing a suspension of magnetic 

4 particles externally of the plastic tube in the 

5 vicinity of the magnet, so that the magnetic particles 

6 are attracted to the plastic tube by the field of the 

7 magnet, and adhering the attracted magnetic particles 

8 to the outer surface of the tube to form a coating of 

9 magnetic particles on the outer surface of the tube. 

1 33. A method in accordance with Claim 32, wherein 

2 the magnetic particles are adhered to the plastic tube 

3 by an adhesive coating on the outer surface of the 

4 plastic tube. 

1 34. A method in accordance with Claim 33 further 

2 comprising applying a protective coating to the coating 

3 of magnetic material. 

1 35. Apparatus for making a plastic tube bearing a 

2 magnetic marker, comprising means for extruding a 

3 plastic tube, means for supplying magnetic particles, 

4 means for providing a magnetic field that attracts said 

5 magnetic particles to a sxirface of the tube, and means 

6 for adhering the attracted magnetic particles to said 

7 surface of the tube whereby a coating of magnetic 

8 particles is formed on said surface. 

1 36. Apparatus in accordance with Claim 35, 

2 wherein said means for providing said plastic tube 

3 comprises an extruder, said means for providing said 

4 magnetic field compris s a magnet inserted into said 

5 plastic tube, and said means for providing magnetic 

6 particles comprises means for forming a cloud of 
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7 magnetic particles around the exterior of said plastic 

8 tube . 

1 37. Apparatus in accordance with Claim 36, 

2 wherein said adhering means comprises means for coating 

3 said plastic tube with an adhesive. 

1 38. Apparatus in accordance with Claim 36 further 

2 comprising means for forming a protective coating over 

3 said coating of magnetic particles. 
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